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REPLACEABLE BASES, HYDROGEN AND BASH=HOLDING 


CAPACITY OF ALBERTA SOILS. 


by 


N. Holowaychuk. 


INTRODUCTION. 


The fact has long been observed that when a soil 
is treated with a neutral salt solution it fixes the base of 
the salt with a corresponding release of a number of other 
pases. This phenomenon with its apparent simplicity has been 
shown to be of considerable importance in explaining many of 
the problems confronting the soil scientist. Considerable 
work has been done at various institutions on this continent 
and in Europe, but no work has been reported showing the re- 
lationship of replaceable bases in Alberta soils. ‘The problem 
reported in this thesis was undertaken to show how the soils 
of Alberta compare in themselves and with those from other : 


parts of the world in this respect. 


HISTOXICAL. 
The study of base exchange in soils dates back to 
1850 when Way published his first paper. His observations 
and conclusions as summarized by Hissink (9) are: 
(1) "The salt is not absorbed as o claguee but only the 


base. 
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(2) Yhe filtered liquid contained the acid of the giv- 
en salt united to lime. 

(3) The quantity of lime acquired by the solution corre- 
sponded exactly to that of the base removed from it - the action 
was therefore a true chemical decomposition. 

(4) The combination between the soil and the base was 
rapid if not instantaneous, partaking therefore of the nature 
of the ordinary union between an acid and an alkali." 

Way also noted that the active portion of the soil 
with respect to base exchange occurred in the clay part. 

These conclusions are classical in nature and may be 
Yeokod upon as representing the main principles of base ex- 
ehange in soils. Following Way there has been little work done 
or at least mde available until about 1920 when Gedroiz (8) 
and Hissink (9) made their findings mown. These two may be 
looked upon as the first of the modern school of workers in 
the field. 

The study of base exchange in soils as developed by © 
the present workers seems to resolve itself into four lines 
of activity, viz: 

(1) Determining the type of reaction or reactions accom~ 
panying the base exchange in soil - the chemistry of ion ex- 
change in soils. 

(2) Isolation and identification of the soil fractions 
and their various components which have base exchange properties. 
This fraction of soil is usually referred to as the base exchange 


complex. 
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(3) Studying the effect of weathering and degradation of soil 


on its base exchange properties, and its pedological Significance. 


(4) Studying the agricultural significance of base ex-~ 


change in soil. 


Type of Reaction 
The rapidity of reaction has led the early workers to 


believe that base exchange took place as physical absorption by 
the soil colloids or some other type of surface reaction. 

Gedroiz (8) favored a physico-chemical explanation 
whereby the reaction occurs on the surface of a slightly sol- 
uble compound that is ionized sient anon brought in contact 
with a liquid phase. The differences between the physical ab- 
sorption and physical chemical reaction are given by Gedroiz 
as: 

(1) "In physical absorption the absorbed substance remains 
in liquid phase and can be washed out", 

(2) "Only the cation is absorbed in a physico-chemical 
reaction", | 

(3) "Physical absorption would deplete the solution of 
some of its equivalents", 

He also has shown that the replacing power of cations 
varies with atomic weight and valency. He found that hydrogen 
was most active while with the basic cations the activity in- 
creased with increase in atomic weight and in valency. 

Hissink (9) assumed a chemical attraction between 


cations and the anion of the base exchange substance. These 
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(4) Studying the agricultural significance of base ex- 


change in soil. 


Type of Reaction 
The rapidity of reaction has led the early workers to 


believe that base exchange took place as physical absorption by 
the soil colloids or some other type of surface reaction. 

Gedroiz (8) favored a physico-chemical explanation 
whereby the reaction occurs on the surface of a slightly sol- 
uble compound that is ionized slightly when brought in contact 
with a liquid phase. The differences between the physical ab- 
sorption and physical chemical reaction are given by Gedroiz 
as: 

(1) "In physical absorption the absorbed substance remains 
in liquid phase and can be washed out", 

(2) "Only the cation is absorbed in a physico-chemical 
reaction", | 

(3) "Physical absorption would deplete the solution of 
some of its equivalents", 

He also has shown that the replacing power of cations 
varies with atomic weight and valency. He found that hydrogen 
was most active while with the basic cations the activity in~ 
creased with increase in atomic weight and in valency. 

Hissink (9) assumed a chemical attraction between 


cations and the anion of the base exchange substance. These 
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were ionized and the cations remained as a layer outside the 
anion. 

Mattson (21) showed a correlation between the amount 
of exchangeable bases in soil colloids and the methylene blue 
necessary to bring the colloid to its isoelectric point. This 
suggested absorption of bases due to amphoteric properties of 
certain colloids. 

Kelley and Brown (12) have shown that all colloids 
do not exhibit base exchange properties, the best example being 
kaolin. 

Kerr (19) has shown recently that base exchange re- 
action in soils can be represented mathematically by a law of 
mass action which behaves similarly to one developed for chem= 
ical reaction. This seems to give the best explanation of the 
type of reaction occurring in base exchange and indicates more 
or less a chemical nature. 

However, when a complex mixture like the soil is 
considered it may be very seldom that a reaction of only one 
kind occurs. It is more reasonable to assume that there are 
a whoie series of reactions taking place with the organic mat- 
ter, the various, soil sedis as well as the simple electro-~ 
lytes and) present a more or less complex mass as mentioned by 
Kelley and Chapman (14). There may be also a certain amount 
of physical absorption and straight solubility occurring sim- 


ultaneously with ion exchange. 
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Isolation and Identification of Complex. 

Way was the first to notice that in a purely min- 
eral soil the properties of base exchange were exhibited by 
the clay fraction of the soil. Gedroiz (8) attributed the 
properties to certain humic and "zeolitic" substances in 
soil, the "zeolitic" portion being a complex alumino-silicate. 
Hissink (9) also regarded the base exchanging fraction of the 
soil as being alumino-silicic and humus acids. The same view 
was held by Kelley (17) originally but has been somewhat mod- 
ified in his latest paper (15). Kelley also marked the sin- 
ilarity between the mineral complex and zeolites and for a 
time had supported the view that base exchange properties in 
soils were due to zeolites. Magistad (20) pointed out the 
similarities between the base exchange complex in soils and 
certain artificial zeolites with respect to their properties, 
A very good point was brought up here, viz. that artificial 
zeolites disintegrated somewhat similarly to the base exchange 
complex. The occurrence of this process in base exchange com-= 
plex has been verified by Gedroiz, who attributed formation 
of podsols and alkaline soils to the above reaction, 

The most satisfactory work in this field has been 
done only recently. Kerr (18) and Truog and Chucka (30) 
working at Wisconsin have made some important contributions. 
Kerr used a clay-bentonite as source of his complex. This 


correlated very well with that of soil in exchange equilibria. 


| -xelqmop 10 dobtsotttdnebl bas soltate 
| wi ylomdq 2 nt dactd eolton oF testi edt eaw cet 
7 yd bedididxe stew ognsdoxe easd ‘to ot: 


> el} Botudbadta (8) sfoxbed -Lhoe ont 10 aot a a ve 
me D> Agios 2 
at asonstedye "otthfoos" bas obemcl aiatteo od = 


sotaotite- onlonls xelgmos s yrted nOtd0q “otd#Loes ™ oat te 


a 
eit to nottosatt yitanadtoxe easd oft bebrager ocala (@)>3 


ig" ‘. H 


 wely emee of? sebbos eanmurd base ofetife-ontemrte ghted es we 
-bomt tadwomoa nocd asi dud yflantgiro (VL) yelle® yo Stet es - 


_ 


-mi2 odd Sextem oaf{s yeffen .( aL) req aq teetal sic at bet ee: 
B TOt Hos cod tfoes. bre xeLamos:, fevrocton: odt ‘Metited abe, “ 

mi eeitreqorq esmadoxe ova teAt wetw edt besrogaye past | 
eit duo betatoq (0S) batetgam aed loos. o¢ onb stow atte 2 

hrs Biioe ot xeLiqdo egmatioxe send edit neewted cendenattin 
-eolizveqorg thedt ot toeqeet dtiw gedit foes fetoltitts ni st1e9 
felottidus tadt .siv ,ered qu dnyvourd aaw mega. | 

en ftadoxe saad ont of ylralimte tertwomoe betergetnterb sod: 
“m00 Sgitsrioxe saad af eacootq eft t6 eomettyooo act x0 Lai 
aot tenrro t botud bade onlw  siothes yd bettivev need ancl x 
snobtoset evode edt ot eftoe onthexle bas aloe 2B a 

seed asd bLett ett ak x%xow vrogosteld ne te Ont a. 
(OS) sxlondd bas gow bare (8Ly «t92 


My 
_ ‘ a cw 
eV¥>L.cniewewe & 
~ ¢ 4 

a 


ee 


He showed that the portion of bentonite showing base ex= 
change properties was fairly resistant to acids and also 
that the ae ratio corresponded to that of feldspar. He 
did not favor the idea that zeolites were responsible for 
exchange of bases in soil, the main points being: 

(1) Exchange equilibria for zeolites gave a higher con- 
stant than the soil did. | 

(2) Exehange complex of soil is more stable than zeo-= 
lites as shown by resistance to acids. 

(3) Separation of a fraction in soil corresponding to 
zeolites in Sp. gre did not remove all of the base exchange 
properties of soils. 

Kerr was also able to separate fractions from ben- 
tonite and soil py leaching with acid and then removing the 
electrolytes by washing. The complex came out as colloid 
and was aeros ieee with electrolytes. ‘the two corres- 
ponded identically on chemical analysis. 

Continuing the work of Kerr (18), Truog and Chucka 
(30) isolated the complex from bentonite and soil. They 
also were able to prepare similar complex from weathering of 
feldspar rock. This may be a very important item in explain- 
ing the distribution of the complex in soils, viz. that it 
was derived from feldspar rocks. They used a basic dye, which 
is a very sensitive test for the complex, and found it to be 
colloidal material on the surface of crystalline mineral 


particles. 
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The latest contribution in this line came from 
Kelley, Dore and srown (15). In this investigation a num- 
ber of properties of natural zeolites and bentonite were 
compared. it was shown that; 

(1) Base exchange capacity of bentonite could be ine 
creased by grinding, hence was. located internally. The 
bases are all located on the surface in zeolites. 

(2) Very little of the magnesium of bentonite can be 
replaced, while in zeolites nearly all of it can be replaced. 
‘the same could be said of the bases in general. 

(3) The complex is fairly stable even when saturated 
with hydrogen. This is not true of zeolites. 

(4) Bentonite retained its exchange properties even 
after being heated up to 7509 C. Zeolites lost theirs at 
about 350° C. 

A series of X-ray examinations were made of bentone 
ite, soil colloids and zeolites. Some agreement was obtained 
between soil colloids and bentonite, but not with zeolite. 

From the above evidence it seems that the complex 
is a mineral, fairly complicated in composition but rather 
stable. it is evidently one of the secondary products of wea- 
thering, but has as yet not reached the simplest stage. It is 
also reasonable to assume that very few zeolites would survive 


the long weathering that a soil has been subjected to. 
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Pedological Significance of Base Exchange Studies. 


Gedroiz was the first to notice that if a soil was 
leached with water the basic cations were gradually removed 
and gave rise to an acidic complex. This was noticed to be 
unstable physically and chemically, showing a tendency either 
to be leached out as a colloid or be disintegrated into ox- 
ides of Al, Fe and sie The acidic properties of the complex 
are due to absorbed hydrogen. Page (23) mentions three types 
of soil acidity, viz. "hydrolytic" "exchangeable" and "ac- 
tive". He speaks of "hydrolytic" acidity as that extracted 
with an alkaline salt like sodium acetate. The "exchangeable" 
acidity is extracted with a neutral salt while "active" acid- 
ity is due to ionization of the complex, i.e. acidity ex- 
tracted with water. 

These different types of acidity are really only 
different degrees of saturation of complex with hydrogen. 
Gedroiz (8) found hydrogen in some badly leached soils to be 
ten times that of the basic cations. ‘he processes of re- 
placing basic cations with hydrogen and moving of colloids 
are ones of podsolization. 

Gedroiz also showed in some of his early papers that 
soil degradation may occur through having the complex satura- 
ted with sodium. As is well known the sodium saturated com= 
plex hydrolyses when not prevented by common ion effect of 
sodium salts. Thus on hydrolyses the NaOH may be gradually 


removed leaving the H complex (Soloti) as Gedroiz calls ite 
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It may be said that Gedroiz has actually suggested 
a scheme of soil classification based on the degree of satue- 
ration and also on the basic cation content of the soil. 
Gedroiz system of classification is given by Afanasiev (1). 
| In this system soils that are unsaturated with bases are put 
into the sub-groups Podsols and Laterites. The base saturated 
soils are subdivided into the chernozem and alkaline groups. 

The kind of cations in combination with the complex 
has been shown to ae very important influence on the phy= 
sical condition of the soil. Such workers as Kelley and Brown 
(12), Gedroiz (8), Hissink (9) and Baver (3) have shown that 
@ieionant cations have different power of dispersing the soil 
gordie tic. The order of cations grouped according to their 
power of dispersion is Na? NH47K 7?Mg >H >Ca? Bae Parker and 
Pate (24) found that soils saturated with monovalent bases 
have lower heat of wetting, and with the exception of sodium 
absorb less water than soils saturated with divalent bases. 

Thus it is seen that the kind of cation has a very 
marked influence on the physical condition of the colloids 
and thus indirectly on the soil. 


The Agronomic Significance of Base Exchange. 


The agronomic importance of base exchange has been 
shown in many ways. Hissink correlated the physical condition 
of the soil with its exchangeable cations. He found that ra-~ 


tio of divalent to univalent bases gave a soil of poor tilth 
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when it was 65:35 and a good soil when it was 80:20. 

Robinson and Williams (28) have shown that available 
calcium varies directly as the replaceable calcium and also 
the saturation of the soil. 

Kelley and Brown (12) obtained replaceable Al, lin 
and Fe in some of the acid soils. vage (23) has also shown 
that replaceable Al may be high in soils that are unsaturated, 
and that it may exist as a cation combined with the complex 
in some cases. Turner (31) working in Trinidad found that the 
soils there with anunsaturation greater than 38% gave a bad 
physical condition. Pierre (26) was able to derive a rather 
sees correlation between plant injury and degree of unsatura- 
tion in the soil. He found also that replaceable aluminum 
was present in unsaturated soils. kobinson and Williams (28) 
found that if the exchangeable calcium was high the degree of 
saturation is less vital than where it was low. 

As it is shown above the question of soil acidity 
and base exchange are very closely related. The acidity is 
mostly due to the degree of unsaturation of the complex. The 
degree to which it lionizes and the ratio of hydrogen ions to 
the basic cations determine the pH of the soil. If the com- 
plex is sufficiently wasatuna bea it may decompose into oxides 
of Si, Al and Fe, and may take on a more dispersed state than 
it would if it was saturated with calcium. 

Base exchange plays an important part in fertiliza- 


tion of soils. Kelley (16) has shown that potassium fertilizers 


08:08 eew tt wedw Lioe hoo ‘a baa’ 2828, at ee F 
wiedtiods tads oworle ov oni (88) eet LIEW bos moeniden hab a ia 
cals fae metoLes ofa rate edt 2s VWitoorts eetrayv mutta _ J 
| «Ltoe odd Yo mottas 

OM fA eidscoriqes bemtaddo (S£) ia bas volley, 
awode oele ead (SS) eae4 .attoe bros edt To somos ak ot. ba 
nee ee ete dadt eftoe ai Agi ed yam LA eldeeoslqer sedd 
xelfqmoo ont dtiw bentdmoo noite & BB seine yam gi gadd bre 
edt tadd Davo? bablatn oi guivacow ([6) senmivwT .eseso emoe of ~ ‘ 
bad 8 evsg 886 aadd ts¢sex%g noid ecud secu 28 ddiw event eLioe . 
teiter s eviteb o¢ olds eew (OS) eiteld moll haoo feoteyiq : 


ra 


mitioule efdseostqet tent oels Davo?t of «flee edt atidors 


~susteecs to eertgeb Hera yo test tnalg teowded noitalerroo boog | 


(8S) emetifiw bua noesidox -elloe bederstaensr of inesetq saw BS 
to aati ett datd eew mrtofso eldsegmadoxe eft tt tadt Savot - 
-wol eaw di otedw mad Lstiv ecet elt noltecnriee F | 

qdbbtnn Lior to notveenp: edd eveda’ Hwore et tt eA. te, “7 
el yiibtor eAT .heteler yLeeofo YTEV 9s ennadoxe eeed £ 
edt .xefqmos ort to cottsateens to eesgebh ent o¢ esb ylseor 
ot enot megothbyd to otter edt: bas seaksrot $i dofdw ot 6 tat 2b 


-mos edt tI .ftoe ont to Ha ent ontmredeb ectottae tas 
eebtxo otmt seogmooeb yem ti bedenstpens agli 


mais etate beeteqeth siom: a m0 stay ven bre .6F brew bas LA 
Qe "sins Loteo dtw bedoufdes ws ba z 
f sambitire? af tq ee 


- 9 


were fixed and certain difficulties were experienced in getting 
it down to some of the deeper-rooted plants. Ammonium salts 
were also shown by Kelley to be fixed similarly to potassium. 
This may be an important process in retaining the ammonium 
fertilizers in the soil until released by microorganisms. Al- 
so, if a soil is high in replaceable bases, more of them will 
be released by the slightly acidic water arising from COe and 
nitrification and sulfofication. The problem of alkali is like-~ 
wise primarily one of base exchange. If much sodium is present 
the soil assumes a very dispersed state, and coupled with this 
the soil solution may be high in sodium salts. Gedroiz has 
48,9368 the fact that when a sodium saturated soil has the 
salts removed the complex undergoes hydrolyses giving rise to 
alkaline conditions or "solonetz" as he calls it. Hence, the 
method of reclaiming alkali soils should be one by which the 
sodium will be replaced by calcium besides washing out its 
saltse 

A rather fitting statement was made by Kelley (16) 
in closing his paper on the Agronomic significance of Base Ex- 
change. "It seems safe to assert that base exchange is one 
of the important and widely applicable principles of soils, 
but, as stated at the outset, base exchange neither applies to 
nor explains everything about the soils. Its investigation has 
nevertheless given us a much better understanding of some very 
important aspects of soils. A good working knowledge of base 


exchange will certainly prove valuable to agronomists". 
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DESCRIPTION OF THE SOILS OF ALBERTA. 


Three of the major soil groups in Alberta are shown 
on the accompanying map, viz. the brown, the black and the 
wooded. | 

The samples used in this investigation have been 
selected to represent these three soil groups. These soils 
are grouped according to the kind and degree of weathering 
they have been subjected to. 

In the south of the province we have the brown soils. 
These soils are the result of weathering under low precipita- 
tion and high evaporation. Such conditions are not conducive 
to excessive growth and accumulation of organic matter. Hence 
the quantities of organic acids produced will not be very 
great. It may be seen also that with low precipitation and 
high evaporation there will be very little water passing down- 
wards. Most of it penetrates a shallow depth and returns to 
surface by evaporation. This accounts for accumulation of 
salts near the surface. Under these conditions there will be 

Coy lex 
little or no movement of soil colloids. The exchangeable ,bases 
present in these soils are mainly mineral and very little or- 
ganic matter is present. 

The next distinct soil group is the black soils, 
These soils are produced under more moist conditions than were 
the brown. Here the evaporation is less, but the downward 
movement of water is still not excessive. This climate is 


conducive to active growth and grass is usually the main cover- 


“mworfe ea sakwine nt equors fhoe totem odd to seid? »_ i ae 
end Baa Yoeld add ~awotd exit oSiv .qan ant ymeqnooos edt ao 
meed evan soft: aivestads ald tis bees ‘aieeoaall edt 
altos eeodT -aquotg Lies eoudd seat dnezerqe+ og nactoakila | , 
gai tedt sew to eetgeb bre bat odd ot gakibrosos bequotg ets TS 
ot Detoe[due need evad yedt 
eef[toe mwotd edt svad sw sontivord ont to dtsoe odd al 
-stiqfoosq wolf re bans unitentsew ‘to ‘Siveer osit ets elfos saeiT 
evioubaoo ton ete anottibsoo dowe stotterogeve doid Soe oft 
eoneH © tedden Ghee to riot talensoos Sus dfworg. oviezcoxe ot 
Ytev od. ton Shaw amaunurs ebtos ofaagro to aeltditaesp. eft _ 
Has aotisiigqtosetq wo diiw tes cele meee od yam tI .tsetg 
-rmwob golesesq tetaw elstsii yrev ed {fiw otedd TO fern eare Agta 
oo? eaniustet Sas déqeb wolLede 8 setatteneq af to s20oM .abtaw FS 
to mottelumrooe 10% edmuooos afidT .notisatoqave yd costa 
od iin e ted ts aro fSihnog eeedt teboU .eostise sot ween ation 
AB\ agne? B 
eee ad, oidroanadoxe of -ablolloo {foe to g¢romevom on. to onveee . 
~ro efddil ytev Bea [arenitm yinbam ors eltoe seeds. af ime8e | 
-taseeng ef tott 2m 0 bw 
weftoe ftosfd edt et quorg [loe tomttetb txen od? , } 
stow med} emolsibaos getom exom rebar Deowbora ots altos om z 
Srswawob edt tua .aael at nofserogeve eit ere sword anf 
el otamt fo elAT sovl epeoxe tom fitte ek tadaw ‘to tomers 
“=tev05 ext cat art vi Lanes ba 2aatg bas. itworrg evido : of pe 
. e- ; a ss & 


SOIL GROUPS OF ALBERTA 
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ing. Thus it may be seen that only the more soluble parts 
will be moved. There has been a movement of electrolytes 
like CaCOz, but this has not been excessive, and as a rule 
there is sufficient to hold the soil colloids. 

The third group consists of wooded soils. They 
compose about two thirds of the area of the province (see map), 
and are the least fertile of the groups. The wooded soils 
are produced under more humid conditions than either of the 
other two. These humid conditions may be brought about by 
higher precipitation, lower evaporation, poor drainage or a 
combination of these. The part of the province with wooded 
soil is perhaps accounted for more by low evaporation rather 
than by high precipitation. The vegetation on this area is 
fairly rank, consisting mainly of trees, shrubs, moss and 
some erass. The soil is maintained in a humid condition, thus 
providing water for the leaching process. This water is slight- 
ly acidic mainly from COs produced in the decay of this organic 
matter. The leaching power of the water is increased, and 
thus there is a downward movement of the bases released by the 
acid conditions. The removal of bases makes the soil colleids 
less stable. Thus there is a horizon in the upper part of the 
soil where a removal of bases and colloids have occurred, with 
Subsequent precipitation further down if the soil has been 
weathered long enough. 

The precipitation of Alberta is mostly between 10 


and 20 inches, and hence, the differences in soils have been 
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brought about by lower evaporation. 

In general the soil profile is characterized by 
three general horizons, viz. A, B and C. A is the surface 
horizon and has undergone some weathering. Below this we 
find the B horizon which is the horizon of accumulation of 
degradation products from A. The more or less unaltered hor- 
izon underlying the above two is designated by C. 

This general grouping of soil horizons is frequent- 
ly subdivided into many more, viz: 

Ago « The layer of raw or slightly decayed organic 
matter. 


Aj - The horizon of accumulation of decayed pro- | 
ducts from Ao, if these are not leached away. 


Ao - the horizon where the leaching has occurred 
to greatest extent. 


Az =- The horizon of transition between Ao and Bj. 


By, - The horizon of accumulation of colloidal 
matter from A horizons, 


Bo = The horizon of precipitation of electrolytes 
from above. wostly as carbonates. 


C -«- The horizon which has not undergone any appre- 
ciable weathering. 

Five profiles were taken from the wooded area, three 
from the black and two from the brown. Those from the wooded 
area were Fort Vermilion, Ksituan (near Spirit River), Breton, 
Wabamun and Alberta Beach. The profiles from the black soilts 


area were from Edmonton (634 and 649) and from Hobbema. The 


two brown profiles were taken at Shouldice and at Bentone 
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THE PROBLEM. 


This investigation has been planned to compare 

the Alberta soil groups mentioned ,in their vertical distri- 
bution of replaceable bases, base-holding capacity and 
replaceable and hydrolytic acidity. Acidity and base=-nolding 
capacity was not determined on the horizon Bg and those below 


seeing that these were high in lime carbonate. 


EXPERIMENTAL METHODS. 

The methods of extraction employed in base exchange 

work may be classified into three groups, viz: 
(1) freating the soil with a neutral salt, 
(2) Treating the soil with a dilute acid, 
(3) Electro-dialysis. 

The method of treating a soil with a neutral salt 
seems to be ae most popular one. The usual procedure Pelion 
ed is to mix a known quantity of soil with a volume of the 
salt solution and later filtering it off and leaching with more 
until a known volume is obtained. There are many slight varie 
ations introduced, such as higher temperature, agitation, time 
of contact, etc. Many solutions have been tried, but the two 
used most commonly are NH4Cl and NH4Ac. The main advantage 
of these two is that the large excess of the extracting solu= 
tion can be removed fairly easily by ignition. The main dis- 
advantage is the solution of electrolytes - calcium carbonate 


in particular, 


‘exegnoo o¢ ponofa stesd ‘ead + cheapo: abet | 
~tase bb Leotdsev ttodd at) benotinem aqivota ftoe adved ia edt 

| bos yilosqso gitblotl- saad 2eead eldacoaiget 20 nottud 
gitbLod-oasd bus vsibros wUtibios obdysorbyrd pecs eldseosiqer 


woled ecods bas oi postion edt co benioreteb torn Baw whoagas 
_ ,etanodtso outt sik digtd etew overtd tants ane 

» SCORTSM JATME WL ART . al | ; | [ 

enmertoxe easd ai beyolame aottosisxe to ebordtom ont | ; 
 Y8.V eequons seul? ofat- her isaemee oe Ys mow 

tise Lendven 8 ddtw £toe exit gnttser? (£) | ai 

Htos edullb e dttw {tea edt ant¢eerT (3) “Oee - 


" seteylaldeontoeLt (&) 
tise Lertven e dttw [Loe 2 athdaett to boston elt. | 
-wol fot erbesorg Layeu edt + O£10 yaluqoq taom edt ed ae emeee 
eft to omsfov s djiw I[Loe to ytitasyp rwo rat & xin ‘ee af be 
etom dtiw antdose{f has tio gf gnigedLit redel = sotdloe sta 


ay PS ae 
" fs it, 0G 


~trav dinife yaem exe ered? .henistdo at siete word 8 ‘i nt 
emit ,nottvetigs ,emdtenoqmed tengtd es close _beouborttmnt -ial 
owt: eit tud .betts need evad enolintoa yram .ote _dostnos | 
egsinevbe atem edT ,.oApHM Bae [Opn ote Victonmos deom B oe 
-uloe gittoertxe edt lo seeoxe egtel oft tant al owt eee to “a 
eelb alam of molting! yd yftese yitket bevonet ed 180 0 cot a. 
evanodrss mutotes - aosysentosle. ‘to nottuLloe veges a 


= 2 * ‘ Pan o> es rane: ae 


=1'7 


Workers like Gedroiz (8) and Rice-Williams (27) 
have used dilute acids for extracting replaceable bases. 

Dilute HCl and acetic acid are used by iad workers. The 
acetic acid method seems to be fairly satisfactory am com- 
pares favorably in results obtained with the other methods. 
Its big disadvantage is in calcareous soils where excessive 
solution may occur. This can be said of all methods in which 
acid extractions are used. 

The latest of the methods and one that is used rather 
extensively by some workers is electro-dialysis. The principle 
involved in this method is one of separating the products of 
ionization of the complex by means of an electric currents 
The replaceable cations accumulate at the cathode and often a 
semi-permeable membrane is used to keep the complex anions 
from moving» The cations at the cathode can be determined by 
ordinary means. 

The more or less widespread use of NH4Cl and NH4Ac 
as extracting solutions made it necessary to compare the two 
salts and choose the one giving the better results. A series 
of samples were run using each solution and the Pac ioeesele 
calcium and magnesium extracted by each were determined. Four 
samples of each soil were run using each solution. The results 
are given in Table l. 

It is seen that the results are fairly consistent 
throughout and the two salts coincide fairly well. There is 


some variation in the magnesium obtained in Edmonton B and 
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Table 1. Replaceable Calcium and Magnesium Obtained by 
Ammonium Chloride and Ammonium Acetate Methods. 


(Results expressed as milliequivalent per 100 gms. of soil) 
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Breton Bl. However, there is no very significant difference 
so NH4gAc was chosen for other reasons as given by Schollenber- 
ger (29). Some of the points in its favor that he mentions 
ares 

(1) Ammonium acetate is a neutral salt and has pronounced 
buffer properties around a pH of 7. | 

(20 TE is easily expelled by a single ignition. 

The procedure of extracting a soil sample with the 
salt solution and the subsequent determination of the bases 
replaced was as follows; 

The air dry soil was mixed and a portion of it crush- 
ed to pass a 20-mesh sieve. Twenty-five grams of the sifted 
soil were weighed out and digested overnight with 500 ce. of 
normal ammonium acetate (pH 7). The sample was filtered the 
following day on a Buchner using suction, and then leached 
with more ammonium acetate till a liter of the leachate was 
obtained. 

A 100-cc. lot (or more if the base contents were low) 
of the leachate was taken and evaporated on a steam bath. a 
little HNOg was added and when dry the sample was ignited over 
a Meker burner. The residue was dissolved in hot water with 
2-3 cc. Of HCl added, and ammonia separation was carried out 
to remove Al and Fe if present. Calcium was precipitated in 
the filtrate from the latter as elate and titrated with .1N 
Kwn04g~- The filtrate from calcium determination was evaporated 


and ignited to remove all ammonium salts. Following this the 
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residue was evaporated two or three times with HeS04,, ignited 
at about 700° CG. and then the sulphate held by bases determined 
as BaSO4e The sulphate expressed in equivalents represents 
mostly the Mg and Na-K that have been replaced. Magnesium was 
determined in a separate quantity of solution by Epperson's 
method (Treadwell and Hall) after Al, Fe and Ca were removed 
as in above. The base holding capacity was determined by 
leaching 25 grams of air-dry soil with a liter of normal CaClo 
on a Buchner. Following this it was washed free of chlorides 
and then the calcium fixed was replaced and determined as in 
the regular method. 

Hydrolytic acidity was determined by shaking 25 grams 
of soil with 250 cc. of normal calcium acetate for an hour 
filtering and titrating with .1N KOH. Phenolphthalien was 
used as indicator. 

Replaceable acidity was determined by shaking 25 
grams of soil with 125 cc. of normal potassium chloride for 
an hour, filtering and titrating with .1N KOH using phenol- 
phthalien as indicator. This method was checked by using 250 
cc. Of normal barium chloride in place of potassium chloride. 


The results obtained did not show any pronounced differences. 
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EXPERIMENTAL RESULTS. 


The results obtained in this investigation 2 
given in Tables 2 and 3. Table 2 shows ee vertical dis- 
tribution of replaceable bases and hydrogen in the various 
profiles. Table 5 shows the degree of saturation of the 
various profiles as determined by the three methods. 

It was stated in the description of the soils that 
those in the wooded areas were leached most while those from 
the brown were least. This has been yerdPied in this invest- 
igation. 

It should be stated at the beginning that the pre- 
sence of organic matter in the soil increases the replaceable 
base content. The complex showing base exchange properties 
here is the "humic" complex of Gedroiz (8) and the "humus" 
acid of Hissink (9). This accounts for the correspondingly 
greater Peetent of replaceable bases in the surface horizons 
of the black and the wooded soils. On the other hand, the 
replaceable base content of the surface horizon of the brown 
soils shows little or no increase over the lower ones. 

There is a marked leaching out of replaceable bases 
in Ag horizon of the wooded soil. The Alberta Beach profile 
shows the least leaching in this respect, but it should be 
said at this point that it does not represent the most leached 
of our profiles. The horizon of greatest leaching is Aj, but 
this is shallow, has fair structure and has some organic 


matter incorporated in it. The Ao horizonsof this profile. 
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do not show the extremely bleached color of the other profiles, 
and have a granular structure. This profile is not the best 
developed one of those that have been studied. 

Considering the other four wooded profiles there is 
a fair amount of replaceable bases in the Ap horizon. This 
horizon, however, is not as deep as that of the black soils 
being’ from 1 to S inches at most. The replaceable bases in 
Ao of the wooded soils are between 29.8 and 45.7 im.EH., while 
in the black soils they are between 39.9 and 57.4 M.E. per 100 
grams of soil. The difference here is not very great however. 

The replaceable base content of Ao horizons shows 
the biggest difference between the various soils. In this 
horizon the total replaceable bases vary between 1 2 and 12.1 
M.E. in the better developed wooded profiles. In the black 
soils the replaceable base content in this horizon is between 
22.2 (Hobbema ) and 41.4 m.E. (Edmonton 634). There is no 
apparent leaching in this horizon in the brown soil and ace 
tually an accumulation occurs in the Shouldice profile. 

There is no great difference in the replaceable base 
content of Bj horizons of all the profiles studied, and in the 
wooded profiles the replaceable bases in this horizon are at 
least double those found in the Ag horizon. The Bo horizon of 
all the profiles studied show an accumulation of caleium but 
not of magnesium or of sodium-potassium. It should be said 
that although small quantities of sodium-potassium could not 
be determined accurately, an appreciable amount will be indica- 
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Table 2Q6 Replaceable Bases, Hydrogen and Base Holding 
Capacity of Alberta Soils, 


(Results expressed as milliequivalents per 100 ems. of soil). 
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Table 2 (Continued) 


Alberta Beach (Wooded) 


iE ER ape EE PO ETT MEI RE a CaaM SERN 


Base Hydrogen 
Cale Magnes Total Sodium hold« 
Horizon Depth cium ium Bases Potase ing 
Sium Capace Replaces Hydrol- 

etc. ity able ytic 
Ay ane5" lea Pg 509 oly els 220 19.0 @) 4.1 
Ao 5'a12" 9.9 40D iho 1.9 eZ ee @) 1.9 
Ao 12"—218" 13.0 Stef 15.9 es 16.5 O ik 7 
By at dt 14.4 5.9 ole G aA) 1826 @) eee 
Bo at 6! 5620 D8 65.2 1.44 S255 = SoS 
C at 61 48.35 8.0 56.7 AS) Sear, oe rao ae 


Edmonton 634 (Black) 


Ay 1812" 50.0 


64 57 4 1.0 O Fagor toa 
Ao 127624" SOD 8.9 41.4 200 ate 0 6) ee ae 
By 24''_30" 27.5 Cae Yo Soe! oO 52 4 0 oT 
Bo 50 e468 2675.0 60d 7955 2.5 SoS ~ -<- 
C uy i 67.0 9.1 7661 On 7 Sap ig aed nan ne, 


Ay Ovel2" 31,0 10, 45.6 2 6.5 


0.0 ©) 
Ao 12 teat LS 79 6.7 Cewe 0 2004 20 PALS) 
By 16"=30" 18,4 8.7 ene 6 29 017 0 1.2 
Bo S0"536" 90.7 9.1 106.2 0 Seas -- --- 
C BieGt 26.5 8.4 hy 2) ---- =~ --- 


Edmonton 649 (Black) 


Ay S40 fel «42, 2 eG ee. ie i 
AD Soe” 62% Sle @ oe ae oo 
By 18.0 Vee 266 O ---- —= ne 
Bo 662.0 10.0 74,0 O aD so = = — on ee 
C 22 00 Ge] 50.0 0 ---- ae ee 


megorbhyH nace 


erbyH -sosiqen 


yETY sida AUR 
£2 ¢) 0.8L 
eof 0 Sa St 
Vel 0 . Geol 
vf 9) a.8Ff 


a — oy ¢) O52 
Lal 8) 0. VS 
Tv. 8) bos 


Ged ae 5.6 
OeS O- b.3S 
Sef QO. ses 


= bLod. mfboa- 
£ wastot 
~oeged mute 


ote 


° 


Oi 1 9 OO 


a 


* 
Rik Iw | 


ve oH 


"(Been 8a09) ¢ oft eT 
; aot na oe 
(about) dosent nied i 


ms 


LasoT : iomeidadin of20 - 


aoe nd 


9.0L 


CG, ol 
S4fS 
SeSS 
T.06 


avert 


Ono-4 
a 


uo - 
» 2 © 
Od do Oo 


> i 


porto. 


¥. ff 
@.@ 


a 


BAL 
0.02 


| 5. oh 


(fosld) S&6 motmomba 


ooo°c°o 


O.f . 5, Ye 

O.S 818 
Bic NBS. 
a tae 

> 0 £6r 
{ xosela) 


@. 8s 
&, SS 
Ge ¥S . 
S.00L 
S$. VS. 


ame dd oH 


0.02 
8408 
ays 


0.67 


O.a 


0,18 


g.6f 
$.3f 
T.O8 


SBS 


‘(sfoala) @88 modnomba 


> es eae 
---- QO aL5 
---- "QO ° 808 
ae 0 O.SY 
---- Oo 9,0 

- 

rq 

on, ff — ere,” oa. 


OnkS 


3S 


0. Sf 
3.38 
0.88 


Nera” f 
~ Wp Qe "SL 


Tore"O 


dsqed nostsOH 


"OSa" BS 
ant) 


"Hfe"Sr 
"9e—" aL 
"35="05 
—1gere 


ee 


Table 2 (Continued ) 


Benton (Brown) 
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The wooded profiles taken individually show a re- 
placeable base content in the a, horizon that compares well 
with the a] from the black soils. The Ao horizon shows a 
decided removal of replaceable bases when it is compared with 
the other horizons of the same profile or with the Ao horizon 
from the black or brown soils. As mentioned previously the 
Be horizon of the wooded profile shows an accumulation of 
calcium, but not a proportional increase in magnesium. 

The black soil profiles, with the exception of Ag 
horizon, show a replaceable base content somewhat similar to 
the wooded profiles. The Ap horizon of the black soils shows 
no pronounced removal of baseSe 

The Benton profile resembles the black soils! profile 
except that there are less replaceable bases in the Aj horizon. 
This..is shoes for by the smaller content of organic matter. 

All the profiles examined have replaceable calcium, 
magnesium and sodium-potassium present in normal proportions 
with possibly the exception of Fort Vermilion. Ina normal 
SOil the replaceable bases are found in the following propor~ 
tions: 75-90% calcium, 10-25% magnesium and a few per cent of 
sodium=potassium. The Fort Vermilion profile shows a greater 
content of magnesium and sodium=potassium in proportion to 
calcium than is found in any of the other profiles. 

It should be noted that in the wooded profiles the 
replaceable Mg has moved in the same proportions as calcium 
in the 4 horizons, but there re no corresponding increase of 


magnesium in the Bo horizon. 
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In the black soils the content of replaceable mag- 
nesium is about the same throughout the profile, and thus 
there is no removal of replaceable bases indicated. From this 
it would seem that all the calcium that has been moved into 
A, and Bg must have been less stable than the replaceable is, 
4.6. it must have been calcium carbonate. 

Bnd 4s more correlation between calcium and mag- 
nesium even in the Bo horizon in the brown soils. These soils 
have calcium 6 Soo throughout and show that there has been 
less movement of water soluble calcium than in Whe wiser. 

These points suggest that, 

(1) In the case of wooded profiles the leaching processes 

10 A horizon : 

have been more severe, than in the black soils and actually re- 
OSE iS Bast of the replaceable bases. There alse has been a 
removal of the complex itself as the base holding capacity is 
lower than for Bl of the wooded profile or Ao of the black. 

(2) The movement of calcium in the black soils, which 
is greater in proportion than the movement of magnesium, in= 
dicates that calcium was water soluble rather than Pocludssn te” 
It is probable that the accumulation of calcium in Bo was derived 
from water soluble calciwm,as there has not been enough of reée- 
placeable Bate lost even in the Ao of wooded profiles to 
account for the high accumulation in Bo. There has been no 
attempt made to distinguish between replaceable and carbonate 
calcium. 


(3) In the brown soils there has been less movement of 


| 98a erqacoalgss to dtHedmoo odd aftoe some ont ae a) 
exit fre. , OEE TONG eit tyodavoult ehien ent dyoda ab 
etd ory sbodastint nsesd eldseosiqes yo Levomer on ‘et er 
Oat Hevom need ess oar milolso edit Ls + ache meee ‘pisow 
est efdaeosiget oft matlt oldada aeel mood evan teom oA tec 
jetencekas rus Foleo ood vad tec sil tout 

-gam baa muioleo meewted sottelorros exon et oxen , 
eftoe seeif .eltoe word eit at mostvod 94 ent out neve mete 
reed ead otedd tacit went Bas drrottguonstd laactialanet mutolsa evs “ 
etosid edd af aaits mrtoflso eldwloe tedew to” sroue vom aeoL 
tsdd deosgue etmtoq esédT a 
Pee antnosel oni eelt torq behoow to ee2s0 edt al | ig 
ere vilastos bas eltoe xorid orlt cS ad ceived ot eront anea te 
s neod eet oels enced? 120880 eldseoalqes ody to drag B beve m 
at ydtosqeo grit blord eesd oft es tloett xelqmoo edt ‘to * avenor 
eisBid onft* to gA 10 ef Lto rd behoow edt to fa rot sat 
_ dofctw .eftoe woald ont mt myrfofeo to Fetomev Ont ent * ‘Es7™ i 
ett ,muteorgem to daemevom edt madd anolkstogoty at rotaorst 
~oidseoslqer sant rodtat oldgrfoe esa arw otofeo tadt aot 7 
bevitob eaw qf at mtofso ‘to notvalumroos oft tactd. efdadorg a 
set To dayone mood tom eat etedt es totes eldyifoa xotaw i 


ot SOhETOSN behoow to gA eft at meve teol mokolso 


ss Ot reed earl otedT +98 at mottalymroos diye oct ‘tor 
etamnodres E cup efdseoalqe, noewted detvantte i ot rn oan ad 


fovom seel meéd eat ereds eftos awotd ‘ed?’ a 
OO shoe ee OS es) ie ee ee be 


water soluble calcium, and there is a better proportion of 
calcium and magnesium in all horizons, even the Bg. | 

The soils of Alberta compare very favorably in 
replaceable base content with some of the other soils reported. 
Bray (4) reported on a number of Illinois surface soil samples. 
He found the replaceable base-content to be under 55 MeHe per 
100 grams of soil, Page and Williams (22) determined the 
replaceable bases in the surface soil of Broadbalk field at 
Rothamsted, and found them to be between 12 and 16 M.E. In 
Alberta the replaceable bases of the A horizon is between 7ec 
and 60 MeHe 

| In studying the degree of saturation of the various 
horizons it was found that the CaClo method did not give very 
consistent results. Most of the soils showed a smaller base~ 
holding capacity by this method than there was of replaceable 
bases. This is probably due to removal of electrolytes by sol- 
ution and of complex by hydrolysis in the course of leaching and 
washing, This method is not satisfactory for showing up the 
small degree of unsaturation that is found in these soils. How- 
ever, for the horizons Ao from Fort Vermilion, Az from Ksituan 
and By from Breton it does indicate some unsaturation. This is 
probably due to the leeeor quan ties of acidity found in these 
horizons. 

The method which seemed to be the most satisfactory 
was where the base-holding capacity was taken as the sum of 
total replaceable bases and hydrolytic hydrogen. The hydrolytic 
hydrogen should indicate the quantity of bases it has replaced 
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to a larger degree than would replaceable hydrogen. 

The most pronounced difference in the degree of 
saturation is noticed in the Af horizon. In the black soil 
this horizon is about 95% saturated in the Edmonton profile 
and about 90% in the Hobbema. In the wooded profiles it is 
between 55 =- Fort Vermilion and 88 - Wabamun. Even this hor- 
izon, which is the most leached, does not show any appreciable 
unsaturation. This accounts for the more or less neutral re- 
action of the wooded soils. From this it could be assumed that 
the removal of the alumino-silicate complex PECe the Ao hori- 
zons of the wooded soil has been as colloidal solution and 
not as oxides of al and Fe. This is taken to be the case as 
the conditions are not very acid and thus the complex should 
not decompose. However, it is probable that the complex is 
made less stable physically and enter a colloid solution 
condition by being wads acidic. The lack of ortstein layer 
also shows that there is no al or Fe as oxides. The accumu- 
lation of 5102 in the ap horizon is probably derived from dis~ 
integration of feldspar rocks into the base-exchange complex 
and Si0o. This was found by Truog and Chucka (30) in weather~ 
ing of feldspars. 

The Ao horizon of the wooded and the Aj of the black 
soils show about the same degree of both hydrolytic and re~ 
placeable acidity. There is considerably mere hydrolytic 
acidity found in this horizon than replaceable ecidity, so the 


reaction does not indicate conditions acidto a pH of 7. The 
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Table 3. Degree of Saturation of Alberta soils?, 


Breton (Wooded) 


Base 
Total Hold- Replace= Hydrol- 
Horizon Bases ing Ratio able Ratio ytic Ratio 
1 ra os) 
Capac» Hydrogen Hydrogen 
ity : 
Ao 8.7 10.5 83 6) 100 Lee 80 
6.95 78 
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By 25 sear ie 1,5 96 4.8 84 


0.0 102 me) 100 ==- -= 
Ad 10.2 9.5 108 09 92 3.0 77 
Az 24.5 28 4 87 4.5 84 TS 77 
Bl 30.9 28.9 107 ) 100 LA 95 


# Ratio, = Totel Bases 100 
1" Base holding capacity a 


Ratios = Total Bases 100 


Total Bases ¢ Replaceable Hydrogen ni 


Ratioz = Bases x 100 
Total Bases ydrolytic Hydrogen 
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Table 3 (Continued) 


Alberta Beach (Wooded) 


Base 
Total Holde Replaces» Hydrol» 
Horizon Bases ing Ratio able Ratios ytic Ratiog 
Capac= Hydrogen Hydrogen 
ity 
Al Liae 19.0 93 O 100 4.1 81 
Ao 1562 12.3 123 ) 100 ito 89 


Edmonton 6354 (Black) 
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Benton (Brown ) 


Ay 3367 41.8 81 Alk. 100+ eee ip 


Ao 2805 2209 L227 Alk. 1004 oma IS 
B, 5.6™ “2573 136 Alk. 1004 a i 


Shouldice (Brown) 


a” 61.6 ** “cous 106 Alk. 1004 =e . 
ie. 126.6 65.0 140 Alk. 1004 --- ae 
By ° 9940 ~* 98.0 104 Ries ©7005 === “ 


: F j ® 
f . ee. ; : 
" 
a. - = = 
= 
7 3" = { 3 
on wo. » = 
- ‘ a we 7 . ‘ ~ 
7 7 ‘ , a‘ a hh 
9 


-* . m,n 
| in qe . Bie 
_ . : ef » b te ap as or 


: See Rs. (beuntinon) & ofdeP .  - 


| | | | 92 28 

mfiosbyH - magalqen wbhLloH 

solsei ofty gottei olde potdsH aot 2s 
ren0'TbyH rego thy a “ps 

oe v ‘ f P 


&e Os el 

SSL BsSl 
Be 3.0L 
OLL 65 8L 


© 
© 
410 
>. © & & 
by fey I te 
© 
ra 
kr 
ooo°o 


- (losfa) SSO od nomba 
= oe OOL - ¢ «at. Bze 
Be pap an 0 OLL OVS: 


2 ' —s {xfeefa) smreddok 


28 3.8 OOL o. @& «pe 
Seo Bek OOL 0 se. oFaes, 


(cnword) modmed 


= --- $00L HLA 1 Sf. 
-- a 400L .WLA WSt GaSS 
-< --- 400L MDA asl Ges 


(nwotd)  eothLuorns 


Rg a $00L° 6 aia “GET, «8.08 
ALA = OREO 
Ald ROE” OBR 


degree of saturation of the sap horizon of all these soils 
is still high, being above 80. 

The B, horizon of the black soils shows very little 
hydrolytic or replaceable acidity. On the other hand the Az 
horizon from Ksituan, B, from Breton and By from Wabamun ali 
show a fair degree of hydrolytic acidity. This presence of 
hydrolytic acidity in the az and B, horizons of the wooded 
profile is probably due to the precipitation of somewhat acid — 
colloids brought down in the course of leaching. These col- 
loids are organic and inorganic, the former being indicated 
by an increase in nitrogen content in this horizon. 

From the above it could be assumed that in case of 
the black soiis the horizons Ao and By, have been subjected to 
less acid than A,. The hydrolytic acidity of a, shows that 
there has been as much acid produced here as in the wooded 
seiis, but. -it aia not permeate the lower horizons as much as 
it did in the case of wooded soils, 

The apparent lack of hydrolytic acidity in the brown 
soils is due to very little organic acids being produced, 
seeing that there is eniy a scant vegetation. ; 

Although the degree of acidity in these soils is 
not very great the hydrolytic always exceeds the replaceable. 
Then since hydrolytic acidity has been extracted with an al- 
kaline salt it indicates that the soil contains acid that could 
not be extracted with neutral salts. Apparently the soil was 


originally on the alkaline side of pH of 7, and in the course 
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of leaching has fixed some acids, but not sufficiently to 
create acid condition. Hydrolytic hydrogen can be said to 
resemble the hydrogen in NaoHPO4. [t should be noted that 
the proportion of hydrolytic acidity is much greater in Ao 
and B} horizons of the wooded soils than it is in the black. 
Likewise there is some replaceable acidity noticed in the 
wooded profiles from Ksituan, Fort Vermilion, Breton and Waba-= 
mune This shows that the wooded soils have been subjected to 
more acid in the course of leaching. Gedroiz (8) brings out 
an important point in this relation. He states that a complex 
will actually absorb H ions from pure water with subsequent 
leaching away of bases. Thus it may be possible that the 
acid found was derived not from acid leaching but from excessive 
leaching, or which is more reasonable, a combination of the 
tTWOe6 

It tie seen from the above discussion that only the 
wooded soils have any replaceable hydrogen present. Thus 
according to Gedroiz system of classification these wocded 
soiis fall into the podsol group. The black and the brown 
soils fall into the chernozem group. It appears, however, that 
the black soils are approaching a podsol condition. This is 
based on the fact that Hobbema profile has a small quantity of 


replaceable hydrogen in its Ao horizon. 
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CUNCLUSIONS. 


The following conclusions have been drawn from 
this investigation. 

(1) Alberta soils are high in replaceable bases compared 
to Illinois and Rothamsted soils, and are normal in their 
calcium, magnesium and sodium=-potassium ratide 

(2) The soils from the wooded area show a distinct re- 
moval of replaceable bases in the Ag horizon. 

(3) The replaceable bases content found in the Ag of the 
wooded soils is in the same class as the A, from the black 
soils, only that Ao is not as deep. 

(4) The wooded soils nave been subjected to much more 
leaching than the black soils have been. Hydrolytic acidity 
is found in greater portions in the Ap and Bz horizons of the 
wooded soils than in the black. There is little or no hydrol- 
ytic acidity in the By, horizon of the black soils. 

(5) There has been a precipitation of organic and miner-= 
al colloids showing hydrolytic acidity in the Bj horizon of 
the wooded soilse 

(6) In the black soils there has been considerable 
acidity produced, but it is all confined to the surface horizon, 
1.@e Aye This is due to less excessive leaching of water into 
the lower horizons, 

(7) The brown soils do not show any decided leaching 
and show no fixed acidity - they react alkaline to neutral 
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(8) The movement of bases in black soils has been mostly 
calcium. ‘he normal ratio of replaceable calcium to magnesium 
in the horizons Ao and By, indicates that all the calcium moved 
was soluble in water or slightly acid solution. This calcium 
exists mostly as calcium carbonate. 

(9) The accumulation of calcium in Bo horizons has been 
mostly carbonate calcium and not replaceable. There has not 
been sufficient replaceable calcium removed to account for the 
high replaceable calcium content of Bo horizon, even in the 
wooded soils. 

(10) The soils of Alberta were originally alkaline and 
have not fixed sufficient acid to react acid. Only the wooded 
soils show any replaceable acidity below a pH of 7. The hy=- 
drolytic acidity shows how much acid has been fixed in the 
course of leaching. 

(11) The movement of base exchange complex as noticed 
in the wooded soils has been as colloidal material. This com- 
plex has not decomposed into its oxides, but has been made less 
stable physically due to leaching of electrolytes and absorp- 
tion of acid by the complex. 

(12) The excess silica of the Ap horizon of the wooded 
soils has been derived from disintegration of rocks rather 
than decomposition of the complex into its oxides. Feldspar 
gives silica and an alumino-silicate which has base-exchange 
properties in the course of weathering. 


(13) The wooded soils used in this investigation fall 
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into the podsol group according to Gedroiz system of soil 


classification.e 
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